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6D11-162 抗体的细胞群 160F1。本研究首先以 160F1 为起点进行克隆化筛选，
得到五株备选细胞株。然后在反应器上进行耐剪切测试，最终确定备选细胞 3E5。
针对稳定表达 6D11-162 抗体的 3E5 细胞株，应用 DOE 和 PAT 的方法，在摇瓶
水平上进行了基础培养基、补料培养基的筛选和混料优化，最终从 17 种基础培
养基和 7 种补料培养基中得到了优化的基础培养基 OBM-1 和 OBM-2，以及优化
的补料培养基 OFM-1，并最终确定了 OBM-1+OFM-1 的最优组合，其摇瓶表现
最高活细胞密度为 1.23×107cells/mL，抗体表达量 1237.13 mg/L。最后在生物反
应器上对所得工艺进行了放大验证，并最终得到了 3E5 细胞流加培养的初步工
艺。在该工艺中，活细胞最大密度超过 8×106cells/mL，维持时间达到 12 天，抗
体表达量达到 837.77mg/L。 






















Recently,themarket of biological drugs has achieved great success. Especially the 
development of therapeutic antibodies,are becoming a bright spot in pharmaceutical 
industry. The production of a large amount of antibodies relies on the mammalian cell 
culture platform in the manufacturing process, which is still a limitation in the 
development of biopharmaceutical products. The aim of this study was to develop, 
optimize and validate a high-yield antibody expression platform using “design of 
experiment” and “process analytical technology” approaches. 
Previously, we generated the cell pool 160F1, expressing monoclonal antibody 
6D11-162, through genetic recombination. In this study, five original cell clones were 
obtained from the 160F1 pool. After evaluation, one cell line 3E5 was selected with 
better anti-sheering ability, and was processed to the optimization of the culture media. 
The number of 17 base media and 7 feed media were screened by detecting and 
adjusting the amino acids,glucose,lactic acid,ammonia,in the culture supernatants, 
using the methods of DOE and PAT. It was demonstrated that the best combination is 
OBM-1 basal medium with the OFM-1 feed medium in this study. The small scale 
shake flask expression of 6D11-162 in 3E5 cells can reach the final antibody 
concentration of 1237.13mg/L, with the cell density of 1.23×107 cells/mL. It was 
consistant with the preliminary process in 2 L bioreactor, that the final antibody 
concentration reach to 837.77mg/L with a cell density of 8×106 cells/mL. 
 In summary, the cell line 3E5, stablely expressing the mAb 6D11-162, was 
generated. The optimization and validation of the culture media was carried out based 
on the 3E5 cells. We has been successfully established a small scale antibody 
expression platform, and also scaled that up with repeatable and reasonable antibody 
yield for biopharmaceutical application. 
 


















缩写词    英文对照    中文对照 
cGMP CurrentGoodManufacture Practices 现行药品生产管理规范 
IND Investigational new drug 新药研发 
CHO Chinese hamster ovary cell 中华仓鼠卵巢细胞 
GS Glutamine synthetase 谷氨酰胺合成酶 
FBS Fetal bovine serum 胎牛血清 
GCCP Good Cell Culture Practice  细胞培养规范 
SFM Serum-free medium 无血清培养基 
PFM Protein-free medium 无蛋白培养基 
CDM Chemically defined medium 化学成分限定培养基 
BSA Bovine serum albumin 牛血清白蛋白 
P-F68 Pluronic F68 普郎尼克F-68 
DOE Design of Experiment 实验设计 
PAT Process analysis technology 过程分析技术 
FDA Food and Drug Administration 食品药品监督管理局 
DS Dextran sulfate 硫酸葡聚糖 
Asn Asparagine 天冬酰胺 
Gln Glutamine 谷氨酰胺 
Glu Glutamic acid 谷氨酸 
AAS Amino acids 氨基酸 
tPA Tissue plasminogen activation 组织相容原酶复合物 
EPO erythropoietin 促红细胞生成素 
MDCK Medin-Darby canine kidney 狗肾细胞系 
IgG Immunoglobulin G 免疫球蛋白G 

















BsAbs Bispecific antibodies 双特异抗体 
BR Bioreactor 生物反应器 
SF Shake flask 摇瓶 
GF Growth Factor 生长因子 




Quality Target Product Profile 
Quality by design 



























































图 1.1 单克隆抗体生产流程图[9] 











































































表 1.1 市售单克隆抗体产品[24] 
Table 1.1 Marketed therapeutic monoclonal antibody products 




















GlaxoSmithKline N/A 2012 23 
Actemra (tocilizumab) Roche Roche Roche 2009 1,119 
Adcetris (brentuximab 
vedotin) 




AlprollX (Factor IX Fc 
fusion protein) 






N/A 2008 17 
Arzerra (ofatumumab) GlaxoSmithKline GlaxoSmithKline GlaxoSmithKline 2009 117 




GlaxoSmithKline GlaxoSmithKline 2011 228 
Cimzia (certolizumab 
pegol) 
UCB UCB UCB 2008 789 
Cyramza 
(ramucirumab) 
Eli Lilly and Co. Eli Lilly and Co. N/A 2014 NoM 
Eloctate (Factor VII Fc 
fusion protein) 


















































Erbitux (cetuximab) ImClone Systems 
Bristol-Myers 
Squibb 











Genentech Roche Roche 2013 3 
Herceptin 
(trastuzumab) 
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